The formation of complexes between thi-mlne disulfide (TDS) or O-acetyl thiamine disulfide (O-acetyl TDS) and fatty acid or fatty acid methyl ester in methanol has been studied by fluorescence quenching and '3C NMR relaxation (T,) measurements. The association constants (Kvalues) of TDS and O-acetyl TDS with fatty acids (from 11:0 to 18:0, and 18:1, 18:2, 18:3 and 20:4) and fatty acid methyl esters have been determined. These values do not depend on either the number of carbon atoms or the degree of unsaturation of the fatty acid. The K-values of TDS and O-acetyl TDS with fatty acid were 7.8 M -' and 5.1 M-', respectively. The K-values of TDS and O-acetyl TDS with fatty acid methyl ester were very small. These results show that the -OH moiety in TDS and the ~OOH moiety in the fatty acid are necessary for formation of the complex.
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Many modified thiamine compounds have been synthesized in attempts to increase the pharmacological effect of thiamine (1-3}. TDS (thismine disulfide), an oxidized dimer of thiamine, has been used as an ingredient of pharmaceutical preparations because its absorption and stability are greater than those of thiamine. TDS is readily reduced to thiamine by cysteine, glutathione and other sulfhydryl compounds, so it shows the same biological activity as thiamine in animals.
Complexes of TDS with higher saturated fatty acids were prepared to improve the stability, absorption and taste of TDS in pharmaceutical preparations (4) . The molar ratio of TDS to fatty acid in the complexes in the solid state is reported to be 1:6, but the mode of formation of the complexes is onknown.
This paper reports studies on the formation of complexes of TDS with fatty acids in methanol by the fluorescence quenching method and by "C NMR. The mode of the interaction is discussed. 
MATERIALS AND METHODS
Thiamine disulfide {hydrated) was purchased from Tokyo Kasei Kogyo Co. {Tokyo, Japan}. Stearic acid {18:0), oleic acid (18:1), linoleic acid {18:2), linolenic acid (18:3), arachidonic acid (20:4), undecanoic acid (11:0), lauric acid (12:0}, tridecanoic acid (13:0}, myristic acid (14:0), pentadecanoic acid (15:0), palmitic acid (16:0) and heptadecanoic acid (17:0) were purchased from Sigma Chemical Co.
(St. Louis, MO). All other chemicals and reagents were of guaranteed reagent grade. TDS-fatty acid complexes were prepared by the method of Ueda et al. (4) . Fluorescence spectra were recorded at 25 C with a Hitachi MPF-4 fluorescence spectrophotometer. 'H NMR and "C NMR spectra were measured with a JEOL GX-270 NMR spectrometer. The spectra were assigned with reference to Kotera (5), Echols and Levy (6) and Gallo and Sable (7). "C relaxation times were measured by the inversion recovery method, employing a (180~ ~ pulse sequence (8}, in which Z is the delay time between the 180 ~ and 90 ~ pulses. Experimental conditions are described in the legends to Table 3 .
O-Acetyl TDS was prepared as follows. TDS (1 g) was dissolved in 10 ml of pyridine and stirred for 15 min. Then acetic acid anhydride {1.04 g} was added slowly with stirring at room temperature for 15 min. The mixture was 
RESULTS AND DISCUSSION
We used the fluorescence quenching technique to study complex formation, as reported (9) . When the TDS-fatty acid complex was dissolved in methanol, the fluorescence intensity of TDS increased as the time proceeded, concomitant with the dissociation of the TD~fatty acid complex. The excitation and emission spectra of TDS fluorescence in methanol before and after addition of increasing concentrations of fatty acids are shown in Figure  1 . Addition of fatty acid to the TDS in methanol solution resulted in a decrease in fluorescence intensity (Ex. 374.0 nm, Em. 423.6 nm), due to interaction of TDS with the fatty acid. Over a wide range of fatty acid concentrations, the reaction conformed to the equation of SternVolmer {10): {Fo -F)/F --K [Q], in which Fo and F denote the fluorescence intensities in the absence and presence of a fatty acid, respectively, and [Q] the concentration of a fatty acid {Fig. 2). The K-value for the interaction of TDS with fatty acid was calculated to be about 7.8 M-' {Table 1). This K-value did not depend on the number of carbon atoms from 11 to 20 or the degree of unsaturation of the fatty acid.
Addition of a fatty acid methyl ester to TDS in methanol resulted in smaller changes in intensity of fluorescence than addition of a free fatty acid, and the K-values of TDS for fatty acid methyl esters were smaller than those for free fatty acids {Table 2). These results show that the -COOH moiety of the fatty acid interacts with TDS to form a complex. Using the same method, we found that the K-values of O-acetyl TDS for fatty acids were smaller than those of TDS. The K-value of O-acetyl TDS for fatty acid methyl ester was quite small and similar to that of TDS {2.0 M -I and 1.9 M -~, respectively). These results suggest that the -OH moiety of TDS interacts with the -COOH moiety of the fatty acid.
We measured the '3C spin-lattice relaxation time {T,} of each carbon atom of TDS in the complex by ~3C-NMR spectroscopy. As can be seen in Table 3 , the T,-values of the carbon atoms at positions 10, 5, 12 and 7 of TDS in methanol were reduced progressively by increasing concentrations of stearic acid, but little change was observed in the T,-values of other carbon atoms. The reduction in the Tl-values was due to restricted mobility of the carbon atoms in TDS by the formation of a complex. The results obtained by '3C NMR TI measurement support those obtained by the fluorescence quenching method.
We conclude from this work that TDS forms a complex with fatty acids in methanol and that formation of this complex is not affected by the number of carbon atoms or the degree of unsaturation of the fatty acid. The -OH moiety in TDS and the -COOH moiety in the fatty acid are concluded to be necessary for this interaction. We now are investigating another mode of interaction of TDS with fatty acids.
